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METHOD AND DRVTCR FOK AT J T O MAIICALLY TNT TTATTNG 
AN EMER GENCY BRAKING SEQUENCE IN MOTOR VEHICLES 

Field Of The Invention 

The present invention relates to a method for automatically initiating an emergency braking 
sequence including preliminary warning braking in motor vehicles and a control device for 
carrying out this method. 

5 

Background Information 

Motor vehicles are being increasingly equipped with driving assistance systems which 
support the driver in driving the vehicle and make it easier for him to perform certain driving 
maneuvers. One example of a known driver assistance system is a radar-supported adaptive 

10 cruise control system (ACC), in which the distance and the relative velocity of a vehicle 

traveling ahead are measured using a radar sensor mounted on the front of the vehicle, and if 
the distance drops below a certain safety distance, which is also dependent on the vehicle's 
own velocity, a waming is issued to the driver, or the distance to the vehicle ahead is 
automatically regulated via intervention in the propulsion and/or braking system of the 

15 vehicle. 

German Published Patent Application No. 43 10 354 describes an adaptive cruise control 
system of this type, in which, when the vehicle approaches another vehicle traveling ahead 
and the distance drops below a certain waming distance, initially a relatively gentle waming 

20 braking is performed to prepare the driver and the passengers, as well as any traffic behind the 
vehicle, for an imminent braking maneuver, and in which, if the distance to the vehicle ahead 
further decreases, automatic intervention in the braking system takes place with the objective 
of regulating the distance to the setpoint distance. According to this approach, waming 
braking is also to be used for gaining more information about the coefficient of fiiction of the 

25 roadway, which is a fimction of the roadway characteristics, the condition of the tires, and the 
weather conditions and in tum affects the brakability and thus the stopping distance of the 
vehicle. The information gained during waming braking about the coefficient of firiction is 
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used for changing the setpoint value of the adaptive cruise control. If, during w^aming 
braking, it turns out that the roadway has a relatively low coefficient of friction, a longer 
setpoint distance is selected to increase driving safety. 



5 The present invention, in contrast, is concerned with another aspect of a driver assistance 
system, namely with an automatic emergency brake. In this case, an automatic emergency 
braking sequence is to be initiated in the event of obstacles appearing relatively suddenly if 
the driver himself does not notice the obstacle in a timely manner or does not respond quickly 
enough. In these cases the acute risk of collision is to be avoided by emergency braking being 
10 automatically initiated, or, if the collision is imavoidable, at least the damage, in particular 
personal injury, should be limited. 

The function of the automatic emergency brake also depends on automatic obstacle 
recognition with the help of a radar sensor or a comparable sensor system. On the basis of 
15 automatic obstacle recognition and an objective evaluation of the situation, the system must 
then decide whether and when emergency braking is to be initiated. Also in this case, a 
waming braking, which has the main objective of calling the driver's attention to the danger 
situation and prompting him to actively intervene in the process, precedes the actual 
emergency braking. 

20 

It is generally assumed here that vehicles which are equipped with such an automatic 
emergency brake also have an antilock system (ABS) and/or an electronic stability program 
(ESP) for stabilizing the vehicle dynamics. These systems ensure that the vehicle still remains 
maneuverable even in the event of full braking. Accordingly, the preferred collision 
25 avoidance strategy is usually not to brake the vehicle to a standstill as quickly as possible 

while keeping the steering fixed, but rather to perform an evasive maneuver via intervention 
in the steering during ongoing braking in order to possibly drive around the obstacle. 

In many cases, for example, when the obstacle is formed by a slow vehicle, which suddenly 
30 cuts in from the adjacent right-hand lane, the driver will attempt to get out of the danger 

situation also in some other way, for example, by waming the driver of the vehicle cutting in 
by operating the horn or a headlamp flasher or, in the case of a three-lane road, checking the 
traffic behind to see whether escaping to the adjacent left-hand lane is possible. The driver 
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thus suddenly faces the need to perform a plurality of activities virtually at the same time. In 
this case the driver is easily overwhelmed with the result that he initiates the necessary 
emergency braking by a critical fraction of a second too late. Against this background, the 
automatic emergency braking function represents a useful supporting measure for enhancing 
5 driving safety. 

However, a decisive factor in the success and acceptance of the automatic emergency brake is 
that the emergency braking function is initiated in a timely manner, but also not too early and 
not unnecessarily. Initiating emergency braking prematurely or unnecessarily represents not 
10 only significant impairment of the driving comfort, but may also result in irritation to the 
traffic behind and thus may itself become a cause for accidents. 

Summary Of The Invention 

An object of the present invention is therefore to provide a method and a control device 
15 which make it possible to optimize the time for initiating emergency braking. 

This object is achieved by determining the achievable vehicle deceleration during warning 
braking and by varying the time of initiating emergency braking as a function of the 
determined vehicle deceleration. 

20 

The proposed method is thus somewhat similar to the measures used in the aforementioned 
adaptive cruise control; however, these measures are taken here in a different context and 
serve a different objective. The objective in the present invention is to modify the delay 
between warning braking and the deployment of the actual emergency braking as a function 

25 of the determined ability of the vehicle to decelerate. The present invention is based on the 
principle that normally a certain waiting time, typically on the order of one second or 
somewhat less, should elapse between waming braking and the initiation of actual emergency 
braking, which gives the driver the opportunity to become aware of the emergency situation 
and prepare himself for an evasive maneuver that may become necessary. However, if it turns 

30 out during waming braking that the vehicle's ability to decelerate is strongly reduced due to 
the current condition of the roadway, the normally reasonable waiting time may be 
significantly reduced, in the extreme case even to zero, so that in this special case emergency 
braking may be initiated earlier. 
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Since warning braking immediately precedes emergency braking, the ability of the vehicle to 
decelerate, determined during warning braking, almost certainly represents the current 
condition of the roadway, so that the time for initiating emergency braking may be selected 
accordingly. Likewise, a certain flexibility is gained due to the variable interval between 
5 waming braking and emergency braking, which allows a relatively late point in time to be 

established for initiating waming braking and thus to diminish the frequency of imnecessary 
erroneous wamings, which would negatively affect the acceptance of the system as a whole. 

Advantageous embodiments of the present invention are derived from the subclaims. The 
10 coefficient of friction between tires and roadway surface, which is also needed and 

determined within an ESP system, may be considered in particular as a suitable measure for 

the vehicle deceleration that may be achieved and that is determined during waming braking. 

The vehicle deceleration which may be achieved may, however, also be influenced by other 

variables, in particular by the load, which in some modem vehicle types such as vans may 
15 amount to a considerable proportion of the total weight and thus have a sizeable influence on 

the braking response. The influence of this load may also be determined during waming 

braking and then taken into account as appropriate. 

Since the coefficient of fi:iction and possibly the load are also needed for the ESP fiinction 
20 during the actual emergency braking, the present invention also offers the advantageous 

option of storing these variables, determined during waming braking, in the ESP system, so 
that they are available there in the event of emergency braking from the beginning and make 
it possible to initiate braking in a more controlled, in particular a faster, manner. 

25 In order to determine, as accurately as possible, the vehicle's ability to decelerate, it is 

expedient to increase the braking pressure during waming braking to the point that at least 
one of the wheels is briefly locked, which results in maximum slip. The coefficient of fiiction 
may then be accurately determined for the locked wheel using known methods, for example, 
using the braking force at which the wheel locks up, or optionally using the angular 

30 acceleration with which the wheel re-accelerates after the brake is released. This angular 

acceleration is given by the torque, which is a fimction of the coefficient of friction, divided 
by the known moment of inertia of the wheel. 
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Since maximum vehicle deceleration is not yet desired in warning braking, it is possible to 
brake only the wheels of a single axle of the vehicle, preferably those of the driven axle, in 
warning braking. By comparing the wheel velocities of the braked wheels with the 
freewheeling (non-slipping) wheels, the slip of the braked wheels may then be accurately 
5 determined. 

In the case of highly skid-resistant roadways, i.e., having a high coefficient of friction, it may 
not be possible or advisable to brake the braked wheels actually to the slip limit in some 
circumstances as part of warning braking. It is therefore advisable not to increase the braking 
10 force during warning braking beyond a certain maximum value. When the maximum value is 
attained without any perceptible slip occurring at the braked wheels, this indicates a high 
coefficient of friction of the roadway, in which case the time for the actual emergency braking 
is determined based not on the measured coefficient of friction, but on a suitably high 
estimated value of the coefficient of friction. 

15 

Brief Description Of The Drawings 

Figure 1 shows a block diagram of a control device for carrying out the method. 

Figures 2 (A) and (B) show the variation of braking force and wheel slip over time for an 
20 emergency braking sequence on skid-resistant roadway. 

Figures 3 (A) and (B) show time diagrams similar to Figures 2(A) and (B) for an emergency 
braking sequence on a slippery roadway. 

25 Detailed Description 

Figure 1 shows a block diagram of a control device for an automatic emergency brake in a 
motor vehicle. The control device includes a situation analyzer unit 10 and an ABS/ESP 
control unit 12. Situation analyzer unit 10 may be part of an ACC (automatic cruise control) 
system, for example, and receives signals from a radar system (not shown), which locates 

30 objects situated in front of the vehicle. ABS/ESP control unit 12 is used in general for 

controlling braking sequences, including those initiated by the driver or by the ACC system, 
and for stabilizing the vehicle dynamics, and has in particular the function of controlling or 
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regulating the braking pressure at all braked wheels of the vehicle in such a way that adequate 
adhesion of the tires to the roadway is ensured. 

Data received by situation analyzer unit 10 for each object located by the radar sensor 
5 includes measured distance D of the object, relative velocity Vr of the object determined 
based on the Doppler shift, and angular data (not shown), on the basis of which a decision 
may be made on whether the located object is on the same lane and thus represents a relevant 
obstacle. For the sake of simplicity, it was assumed in Figure 1 that only a single relevant 
object is present. Situation analyzer unit 10 decides, on the basis of the distance and relative 

10 velocity data, whether there is a risk of collision. For this purpose, situation analyzer unit 10 
calculates whether it is possible to reduce measured relative velocity Vr within distance D to 
zero using full braking of the vehicle, or what residual relative velocity (impact velocity) 
remains if distance D has been reduced to zero. To calculate the deceleration of the vehicle 
when full braking is used, a realistic value should be used as a basis, which is a function of a 

15 plausible estimate of the roadway's coefficient of friction and of the vehicle's service weight 
if no previous information is available. Previous information is usually available for the 
service weight of the vehicle, since it is possible to estimate this service weight more or less 
accurately within the ACC regulation on the basis of the vehicle's acceleration response and 
the propulsion torque available in the engine management system. Previous information may 

20 be available on the roadway's coefficient of friction, in particular when driving on a slippery 
ice- or snow-covered roadway, because in this case the ESP system often becomes active 
within a traction control system, and the roadway's coefficient of friction is also determined 
and analyzed within this control. In the general case, where such previous information is not 
available, the coefficient of friction is determined assuming a dry roadway with normal skid- 

25 resistant properties. Refinements are possible, for example, in the form that a wet roadway is 
assumed when the windshield wiper is continuously on. 

The collision risk is then estimated on the basis of the vehicle's ability to decelerate thus 
estimated, and a point in time tO is determined at which initially warning braking is to be 
30 initiated due to acute collision risk. Furthermore, a preliminary value tl for the actual 

emergency braking is determined, which follows waming braking with a certain time delay of 
0.8 s, for example. The dynamics of the obstacle may also enter into the estimation of the 
collision risk and thus into the determination of points in time tO and tl, for example, by 

NY01 723945 v 1 

6 SUBSTITUTE SPECIFICATION 



taking into account the time derivative of measured relative velocity Vr. For example, if the 
obstacle is a vehicle traveling ahead, which initiates full braking on its part while the subject 
vehicle's own velocity remains essentially unchanged, the absolute value of (negative) 
relative velocity Vr will rapidly increase and it may be estimated when the vehicle ahead will 
5 become fully braked to a standstill. 

Frequent erroneous wamings are to be avoided; therefore, it is usually impossible in practice 
to pursue a strict collision avoidance strategy in estimating points in time tO and tl , Instead, 
points in time tO and tl are determined so that even if emergency braking is initiated at time 

10 tl, impact occurs unless the driver executes an evasive maneuver or the situation is 

eliminated in some other way. However, points in time tO and tl are selected so that the 
impact velocity is reduced at least to the point where under normal circumstances it does not 
result in injury to the occupants of the vehicle. In this case, also vehicle-specific data on the 
crash response of the vehicle enter into the determination of the permissible impact velocity, 

15 as well as the presence or absence of passive safety systems such as an airbag or the like. 

When points in time tO and tl have been determined in this way, at time tO ABS/ESP control 
unit 12 receives the command to initiate warning braking. During this waming braking the 
braking force is continuously increased and the ESP system checks whether slip is occurring 

20 at the braked wheels. For example, waming braking is carried out on the rear wheels only, so 
that the velocity of the front wheels may be used as a reference for computing slip S. The slip 
may then be computed, for example, as S = (Vu - Vb) / Vu, where Vu is the wheel velocity of 
the unbraked wheels and Vb is the wheel velocity of the braked wheels. Therefore, when the 
braked wheels lock up (Vb = 0), then S = 1. The roadway's coefficient of friction, i.e., the 

25 ability of the vehicle to decelerate, expressed, for example, by a negative acceleration value a, 
may then be determined on the basis of measured slip S and known braking force F. This 
ability to decelerate a is reported back to situation analyzer unit 10 and is used there to correct 
time tl, which was initially computed on a preliminary basis only, in order to take into 
account the roadway's coefficient of friction which is now more accurately known. For a low 

30 coefficient of friction and thus reduced ability to decelerate, time tl is brought forward, so 
that the actual emergency braking is initiated earlier. 

These sequences are illustrated in Figures 2 and 3 using two examples. 
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In Figure 2(A), time t is plotted on the horizontal axis and braking force F acting on the 
braked wheels is plotted on the vertical axis. Curve 14 shows the variation of the braking 
force over time. Warning braking is initiated at time tO, computed by situation analyzer unit 
10. During this warning braking, braking force F is continuously increased at a determined 
5 rate of increase, and any slip at the braked wheels is measured. Dashed curve 16 in Figure 
2(B) shows the measured slip. In the example shown, it turns out that no slip occurs during 
warning braking. This means that the roadway has a relatively high coefficient of fiiction (as 
estimated initially). Therefore the provisionally assumed value tl for the time of initiating 
emergency braking does not have to be modified. Warning braking is discontinued as soon as 
10 the exerted braking force F (or the braking torque or a comparable parameter) attains a 
defined maximum value Fmax. 

The actual emergency braking is then initiated at time tl . Since now it is known that the 
roadway has relatively good skid-resistant properties and no slip will occur for braking forces 

1 5 below Fmax, the braking force may be increased at a higher rate at least up to point Fmsx, so 
that braking is initiated earlier as appropriate. If the braking force is increased further beyond 
Fmax, it may be advisable to somewhat reduce the rate of increase, so that wheel slip is 
detected in a timely manner and the system is prevented from overshooting. As soon as wheel 
slip occurs (curve 1 6), the braking force is modulated as known within an ABS regulation and 

20 the vehicle is safely braked to a standstill. 

Figure 3 illustrates the same procedure on a slippery roadway. Waming braking is initiated at 
calculated time tO. However, due to the lower coefficient of fiiction of the roadway, wheel 
slip occurs already at a lower braking force Fs, as curve 16 in Figure 3(B) shows. Waming 

25 braking is continued using increasing braking force until slip S reaches a defined limiting 

value ( < 1 ), e.g., until the braked wheel locks up. Only then is waming braking discontinued. 
In this way, the roadway's coefficient of fiiction is accurately determined on the basis of the 
dynamic response of the braked wheel, and the resulting vehicle's ability to decelerate a is 
reported back to situation analyzer unit 10. Thereupon, this unit corrects time tl for initiating 

30 emergency braking. Figure 3(A) shows that emergency braking now begins at an earlier point 
in time tl'. The lower the measured coefficient of fiiction of the roadway, the farther time tl ' 
is brought forward; in the extreme case, for a very slippery roadway, it may be brought 
forward to the point that emergency braking follows waming braking without interruption. 
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As long as a certain delay remains between warning braking tO and emergency braking tl', 
braking force F is increased at time tl' at a high rate to value Fs also in this case. Since this 
value is already known, braking pressure overshooting may be avoided despite the rapid 
buildup of braking pressure. The braking pressure is subsequently modulated again in the 
5 customary manner. 

The overall braking time available is thus lengthened due to time tl' for initiating emergency 
braking having been brought forward, so that the initial erroneous estimate of the ability to 
decelerate a may be at least partly compensated for. Furthermore, early knowledge of the slip 
10 limit makes it possible to optimize initiation of emergency braking. 
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